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(54) COOLING CIRCUIT FOR MULTI-WALL BLADE

(57) A turbine blade cooling system according to an
embodiment includes: a first turn 60, 160 for redirecting
a first flow of gas flowing through a first channel 28 of a
turbine blade 6 into a central plenum 44 of the turbine
blade 6; and a second turn 70, 170 for redirecting a sec-
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ond flow of gas flowing through a second channel 38 of
the turbine blade 6 into the central plenum 44; wherein
the first turn 60, 160 is offset from the second turn 70,
170 to reduce impingement of the first flow of gas and
the second flow of gas in the central plenum 44.
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Description

[0001] The disclosure relates generally to turbine sys-
tems, and more particularly, to reducing pressure loss in
a multi-wall turbine blade cooling circuit.

[0002] Gas turbine systems are one example of tur-
bomachines widely utilized in fields such as power gen-
eration. A conventional gas turbine system includes a
compressor section, a combustor section, and a turbine
section. During operation of the gas turbine system, var-
ious components in the system, such as turbine blades,
are subjected to high temperature flows, which can cause
the components to fail. Since higher temperature flows
generally result in increased performance, efficiency,
and power output of the gas turbine system, it is advan-
tageous to cool the components that are subjected to
high temperature flows to allow the gas turbine system
to operate at increased temperatures.

[0003] Turbine blades of a gas turbine system typically
contain an intricate maze of internal cooling channels.
The cooling channels receive air from the compressor of
the gas turbine system and pass the air through the in-
ternal cooling channels to cool the turbine blades. The
feed pressure of the air passed through the cooling chan-
nels is generally at a premium, since the air is bled off of
the compressor. To this extent, itis useful to provide cool-
ing channels that reduce non-recoverable pressure loss;
as pressure losses increase, a higher feed pressure is
required to maintain an adequate gas-path pressure mar-
gin (back-flow margin). Higher feed pressures result in
higher leakages in the secondary flow circuits (e.g., in
rotors) and higher feed temperatures.

[0004] A first aspect of the disclosure provides a tur-
bine blade cooling system, including: a first turn for redi-
recting a first flow of gas flowing through a first channel
of a turbine blade into a central plenum of the turbine
blade; and a second turn for redirecting a second flow of
gas flowing through a second channel of the turbine blade
into the central plenum; wherein the first turn is offset
from the second turn to reduce impingement of the first
flow of gas and the second flow of gas in the central
plenum. second aspect of the disclosure provides a tur-
bine bucket, including: a shank; a blade coupled to the
shank; and a cooling system, the cooling system includ-
ing: a first turn for redirecting a first flow of gas flowing
through a first channel of the blade into a central plenum
of the blade; a second turn for redirecting a second flow
of gas flowing through a second channel of the blade into
the central plenum of the blade; wherein the first turn is
offset from the second turn to reduce impingement of the
first flow of gas and the second flow of gas in the central
plenum of the blade, the reduced impingement decreas-
ing pressure loss in the central plenum of the blade.
[0005] A third aspect of the disclosure provides a tur-
bine bucket, comprising: a shank; a multi-wall blade cou-
pled to the shank; and a cooling system, the cooling sys-
tem including: a first turn for redirecting a first flow of gas
flowing through a first channel into a central plenum of
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the blade; a second turn for redirecting a second flow of
gas flowing through a second channel into the central
plenum of the blade, the first flow of gas and the second
flow of gas combining in the central plenum; wherein the
firstturn is angularly offset from the second turn to reduce
impingement of the first flow of gas and the second flow
of gas in the central plenum of the blade, the reduced
impingement decreasing pressure loss in the central ple-
num.

[0006] The illustrative aspects of the present disclo-
sure solve the problems herein described and/or other
problems not discussed.

[0007] Various features of this disclosure will be more
readily understood from the following detailed description
of the various aspects of the disclosure taken in conjunc-
tion with the accompanying drawing that depicts various
embodiments of the disclosure.

FIG. 1 shows a perspective view of a turbine bucket
including a blade, according to embodiments.

FIG. 2 is a partial cross-sectional view of the blade
of FIG. 1, taken along line 2--2 in FIG. 1, according
to embodiments.

FIG. 3depicts apressure loss reducing structure with
opposing feeds, according to embodiments.

FIG. 4 is a partial cross-sectional view of the blade
of FIG. 1 depicting a pressure loss reducing structure
with opposing feeds, according to embodiments.

FIG.5depicts apressure loss reducing structure with
angled feeds, according to embodiments.

FIG. 6 is a partial cross-sectional view of the blade
of FIG. 1 depicting a pressure loss reducing structure
with angled feeds, according to embodiments.

[0008] It is noted that the drawing of the disclosure is
notto scale. The drawing is intended to depict only typical
aspects of the disclosure, and therefore should not be
considered as limiting the scope of the disclosure. In the
drawing, like numbering represents like elements be-
tween the drawings.

[0009] As indicated above, the disclosure relates gen-
erally to turbine systems, and more particularly, to reduc-
ing pressure loss in a multi-wall turbine blade cooling
circuit.

[0010] TurningtoFIG. 1, aperspective view of aturbine
bucket 2 is shown. The turbine bucket 2 includes a shank
4 and a blade 6 (e.g., a multi-wall blade) coupled to and
extending radially outward from the shank 4. The blade
6 includes a pressure side 8 and an opposed suction side
10. The blade 6 further includes a leading edge 12 be-
tween the pressure side 8 and the suction side 10, as
well as a trailing edge 14 between the pressure side 8
and the suction side 10 on a side opposing the leading
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edge 12.

[0011] The shank 4 and blade 6 may each be formed
of one or more metals (e.g., steel, alloys of steel, etc.)
and can be formed (e.g., cast, forged or otherwise ma-
chined) according to conventional approaches. The
shank 4 and blade 6 may be integrally formed (e.g., cast,
forged, three-dimensionally printed, etc.), or may be
formed as separate components which are subsequently
joined (e.g., via welding, brazing, bonding or other cou-
pling mechanism).

[0012] FIG. 2 is a partial cross-sectional view of the
blade 6 taken along ling 2--2 of FIG. 1, depicting a cooling
arrangement 16 including a plurality of cooling circuits,
according to embodiments. In this example, the cooling
arrangement 16 includes an internal 2-pass serpentine
suction side (SS) cooling circuit 18 on the suction side
10 of the blade 6 as well as an internal 2-pass serpentine
pressure side (PS) cooling circuit 20 on the pressure side
8 of the blade 6. Although described in terms of a 2-pass
serpentine cooling circuit, it should be apparent to those
skilled in the artthat the pressure loss reducing structures
of the present disclosure (described below) may be used
in conjunction with other types of serpentine (e.g., 3-
pass, 4-pass, etc.) and/or non-serpentine cooling circuits
in which "spent" cooling air from a plurality of flow chan-
nels is collected for redistribution to other areas of the
blade 6, shank 4, and/or other portions of the bucket 2
for cooling purposes. Further, the pressure loss reducing
structures may be used in other sections of the blade 6,
shank 4, and/or other portions of the bucket 2 where there
is a need for gathering a plurality of gas flows into a single
gas flow for redistribution.

[0013] The SS cooling circuit 18 includes a feed chan-
nel 22 for directing a flow of cooling gas 24 (e.g., air)
radially outward toward a tip area 48 (FIG. 1) of the blade
6 along the suction side 10 of the blade 6. In FIG. 2, the
flow of cooling gas 24 is depicted as flowing out of the
page. After passing through a turn (not shown), a flow of
"spent" cooling gas 26 is directed back towards the shank
4 of the blade 6 through a return channel 28. In FIG. 2,
the flow of cooling gas 26 is depicted as flowing into the
page.

[0014] The PS cooling circuit 20 includes a feed chan-
nel 32 for directing a flow of cooling gas 34 (e.g., air)
radially outward toward the tip area 48 (FIG. 1) of the
blade 6 along the pressure side 8 of the blade 6. After
passing through a turn (not shown), a flow of "spent" cool-
ing gas 36 is directed back towards the shank 4 of the
blade 6 through a return channel 38. In FIG. 2, the flow
of cooling gas 34 is depicted as flowing out of the page,
while the flow of cooling gas 36 is depicted as flowing
into the page.

[0015] According to embodiments, referring to FIGS.
3 and 5, together with FIG. 2, a pressure loss reducing
structure 40 (FIG. 3), 50 (FIG. 5) is provided for combining
the flow of cooling gas 26 flowing through the return chan-
nel 28 of the SS cooling circuit 18 with the flow of cooling
gas 36 flowing through the return channel 38 of the PS
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cooling circuit 20, to form a single, combined flow of cool-
ing gas 42 within a central plenum 44. Advantageously,
this is achieved with reduced pressure loss by preventing
impingement of the flows of cooling gas 26, 36 as the
flows enter the central plenum 44. The pressure loss re-
ducing structure 40, 50 is configured to offset the flows
of cooling gas 26, 36 either positionally (FIG. 3) or angu-
larly (FIG. 5) such that the flows of cooling gas 26, 36 do
not impinge on one another in the center plenum 44.
[0016] Inthe blade 6, the flow of cooling gas 42 passes
radially outward through the central plenum 44 (out of
the page in FIG. 2). From the center plenum 44, the flow
of cooling gas 42 may be redistributed, for example, to
a leading edge cavity 46 (FIG. 1) located in the leading
edge 12 of the blade 6 to provide impingement cooling.
Alternatively, or in addition, the flow of cooling gas 42
may be redistributed to a tip area 48 (FIG. 1) of the blade
6. The flow of cooling gas 42 may also be provided to
other locations within the blade 6, shank 4, and/or other
portions of the bucket 2 to provide convention cooling.
Still further, the flow of cooling gas 42 may be used to
provide film cooling of the exterior surfaces of the blade
6. Depending on the location of the pressure loss reduc-
ing structure 40, 50 in the blade 6, the flow of cooling gas
42 may be also be redistributed, for example, to cooling
channels/circuits at the trailing edge 14 of the blade 6.
Any number of pressure loss reducing structures 40, 50
may be employed within the blade 6.

[0017] A first embodiment of a pressure loss reducing
structure 40 including opposing feeds is depicted in FIG.
3. As shown in FIG. 3, the flow of cooling gas 26 flowing
through the return channel 28 of the SS cooling circuit
18 flows through the return channel 28 in a first direction
(arrow A) to a first turn 60 of the pressure loss reducing
structure 40. At the first turn 60, the flow of cooling gas
26 is redirected (arrow B) by an end wall 62 and side wall
64 of the first turn 60. The redirected flow of cooling gas
26 subsequently flows toward and into (arrow C) the cent-
er plenum 44, forming a portion of the flow of cooling gas
42. The return channel 28 and the center plenum 44 are
separated by a rib 66. As shown in FIG. 3, the flow of
cooling gas 26 flows around an end section 68 of the rib
66.

[0018] Also depicted in FIG. 3 is a second turn 70 of
the pressure loss reducing structure 40. The flow of cool-
ing gas 36 flowing through the return channel 38 of the
PS cooling circuit 20 flows through the return channel 38
in a first direction (arrow D) to the second turn 70 of the
pressure loss reducing structure 40. At the second turn
70, the flow of cooling gas 36 is redirected (arrow E) by
an end wall 72 of the second turn 70. The redirected flow
of cooling gas 36 subsequently flows toward and into
(arrow F) the center plenum 44, forming another portion
of the flow of cooling gas 42. The return channel 38 and
the center plenum 44 are separated by a rib 76. The flow
of cooling gas 36 flows around an end section 78 of the
rib 76.

[0019] As shown in FIG. 3, the end walls 62, 72 of the
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first and second turns 60, 70 are positionally offset (e.g.,
radially along a length of the blade 6) from one another
by a distance d1. According to embodiments, D1 may be
greater than or equal to a height of the first turn 60. Fur-
ther, the end sections 68, 78 of the ribs 66, 76, as well
as the inlets 11, 12 into the central plenum 44, are posi-
tionally (e.g., vertically) offset from one another by a dis-
tance d2. Depending on the specific implementation of
the pressure loss reducing structure 40, d1 and d2 may
be substantially equal. In addition, the end section 68 of
rib 66 may be coplanar with the end wall 72 of the second
turn 70. A rib 80 may be positioned between the first and
second turns 60, 70 to help guide and align the redirected
flows of cooling gas 26, 36 as the flows enter the center
plenum 44. Advantageously, the redirected flows of cool-
ing gas 26, 36 flow into the center plenum 44 with reduced
impingement and reduced associated pressure loss.
[0020] FIG. 4 is a partial cross-sectional view of the
blade of FIG. 1 depicting the pressure loss reducing struc-
ture 40. As shown, the flow of cooling gas 26 flows
through the return channel 28 in a first direction (into the
page in FIG. 4) to a first turn 60 (FIG. 3) of the pressure
loss reducing structure 40. At the first turn 60, the flow
of cooling gas 26 is redirected by the end wall 62 and
side wall 64 (FIG. 3) of the first turn 60. The redirected
flow of cooling gas 26 subsequently flows in a second
direction (out of the page in FIG. 4) into the center plenum
44, forming a portion of the flow of cooling gas 42. The
return channel 28 and the center plenum 44 are sepa-
rated by the rib 66.

[0021] The flow of cooling gas 36 flows through the
return channel 38 in a first direction (into the page in FIG.
4) to the second turn 70 (FIG. 3) of the pressure loss
reducing structure 40. At the second turn 70, the flow of
cooling gas 36 is redirected by an end wall 72 of the
second turn 70. The redirected flow of cooling gas 36
subsequently flows in a second direction (out of the page
in FIG. 4) into the center plenum 44, forming another
portion of the flow of cooling gas 42. The return channel
38 and the center plenum 44 are separated by the rib 76.
The end walls 62, 72 of the first and second turns 60, 70
are positionally (e.g., vertically) offset from one another.
[0022] An embodiment of a pressure loss reducing
structure 50 including angled feeds is depicted in FIG. 5
together with FIG. 6. As shown, the flow of cooling gas
26 flows through the return channel 28 in a first direction
(arrow G) to thefirstturn 160 of the pressure loss reducing
structure 50. At the first turn 160, the flow of cooling gas
26 is redirected (arrow H) by an end wall 162 of the first
turn 160 and a rib 180. The redirected flow of cooling gas
26 flows (arrow |) in a swirling manner toward and into
the center plenum 44, forming a portion of the flow of
cooling gas 42. The return channel 28 and the center
plenum 44 are separated by arib 166. The flow of cooling
gas 26 flows around an end section 168 of the rib 166.
[0023] Also depicted in FIG. 5 together with FIG. 6 is
the second turn 170 of the pressure loss reducing struc-
ture 50. The flow of cooling gas 36 flows through the
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return channel 38 in a first direction (arrow J) to the sec-
ond turn 170 of the pressure loss reducing structure 50.
At the second turn 170, the flow of cooling gas 36 is re-
directed (arrow K) by an end wall 172 of the second turn
70 and the rib 180. The redirected flow of cooling gas 36
subsequently flows (arrow L) in a swirling manner toward
and into the center plenum 44, forming another portion
of the flow of cooling gas 42. The swirling also acts to
reduce pressure losses as the flows of cooling gas 26,
36 combine to form the flow of cooling gas 42. The return
channel 38 and the center plenum 44 are separated by
arib 176. The flow of cooling gas 36 flows around an end
section 178 of the rib 176.

[0024] Unlike the pressure loss reducing structure 40
shown in FIG. 3, the end walls 162, 172 of the first and
second turns 160, 170 illustrated in FIG. 5 are not posi-
tionally (e.g., vertically) offset from one another in the
pressure loss reducing structure 50. Rather, the end
walls 162, 172 of first and second turns 160, 170 are
substantially coplanar. In this embodiment, the rib 180
and the inlets 111 and 112 into the central plenum 44 are
configured to angle and swirl the flows of cooling gas 26,
36 away from each other (e.g., in different directions),
reducing flow impingement and reducing associated
pressure loss. In embodiments, as depicted in FIG. 5,
the rib 180 may disposed at an angle a of sufficient to
offset the opposing flows of cooling gas 26, 36. The flows
of cooling gas 26, 36 pass into and through the central
plenum 44 and combine to form the flow of cooling gas 42.
[0025] By preventing impingement of the flows of cool-
ing gas 26, 36 as the flows enter the central plenum 44,
pressure loss is reduced when using the pressure loss
reducing structure 40, 50. Thus, a lower feed pressure
is required to maintain an adequate gas-path pressure
margin (back-flow margin). Further, lower feed pressures
result in lower leakages in the secondary flow circuits
(e.g., in rotors) and lower feed temperatures.

[0026] In various embodiments, components de-
scribed as being "coupled" to one another can be joined
along one or more interfaces. In some embodiments,
these interfaces can include junctions between distinct
components, and in other cases, these interfaces can
include a solidly and/or integrally formed interconnection.
That is, in some cases, components that are "coupled"
to one another can be simultaneously formed to define
a single continuous member. However, in other embod-
iments, these coupled components can be formed as
separate members and be subsequently joined through
known processes (e.g., fastening, ultrasonic welding,
bonding).

[0027] When anelementorlayeris referred to as being
"on", "engagedto", "connected to" or "coupled to" another
element, it may be directly on, engaged, connected or
coupled to the other element, or intervening elements
may be present. In contrast, when an element is referred
to as being "directly on," "directly engaged to", "directly
connected to" or "directly coupled to" another element,
there may be no intervening elements or layers present.
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Other words used to describe the relationship between
elements should be interpreted in a like fashion (e.g.,
"between" versus "directly between," "adjacent" versus
"directly adjacent," etc.). As used herein, the term
"and/or" includes any and all combinations of one or more
of the associated listed items.

[0028] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the disclosure. As used herein,
the singular forms "a", "an" and "the" are intended to in-
clude the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof

[0029] This written description uses examples to dis-
close the invention, including the preferred mode, and
also to enable any person skilled in the art to practice the
invention, including making and using any devices or sys-
tems and performing any incorporated methods. The pat-
entable scope of the invention is defined by the claims,
and may include other examples that occur to those
skilled in the art. Such other examples are intended to
be within the scope of the claims if they have structural
elements that do not differ from the literal language of
the claims, or if they include equivalent structural ele-
ments with insubstantial differences from the literal lan-
guages of the claims.

[0030] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A turbine blade cooling system, comprising:

afirstturn for redirecting afirst flow of gas flowing
through a first channel of a turbine blade into a
central plenum of the turbine blade; and

a second turn for redirecting a second flow of
gas flowing through a second channel of the tur-
bine blade into the central plenum;

wherein the first turn is offset from the second turn
to reduce impingement of the first flow of gas and
the second flow of gas in the central plenum.

2. The turbine blade cooling system according to
clause 1, wherein the turbine blade comprises a mul-
ti-wall turbine blade.

3. The turbine blade cooling system according to any
preceding clause, wherein the reduced impingement
decreases pressure loss in the central plenum.

4. The turbine blade cooling system according to any
preceding clause, wherein the first turn includes an
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end wall and the second turn includes an end wall,
and wherein the end wall of the first turn is offset
from the end wall of the second turn.

5. The turbine blade cooling system according to any
preceding clause, wherein the offset comprises a po-
sitional offset.

6. The turbine blade cooling system according to any
preceding clause, wherein the first turn further in-
cludes a side wall having a length equal to the posi-
tional offset.

7. The turbine blade cooling system according to any
preceding clause, further comprising a rib disposed
between the first turn and the second turn.

8. The turbine blade cooling system according to any
preceding clause, wherein the first channel extends
along a suction side of the blade, and wherein the
second channel extends along a pressure side of
the blade.

9. The turbine blade cooling system according to any
preceding clause, wherein the offset comprises an
angular offset.

10. The turbine blade cooling system according to
any preceding clause, further comprising a rib dis-
posed between the first turn and the second turn,
wherein the rib directs the first flow of gas in a first
direction into the central plenum, and wherein the rib
directs the second flow of gas in a second, different
direction into the central plenum.

11. The turbine blade cooling system according to
any preceding clause, wherein the rib is positioned
at an angle relative to the first turn and the second
turn.

12. The turbine blade cooling system according to
any preceding clause, wherein the first turn includes
an end wall and the second turn includes an end
wall, and wherein the end wall of the first turn is sub-
stantially coplanar with the end wall of the second
turn.

13. A turbine bucket, comprising:

a shank;
a blade coupled to the shank; and
a cooling system, the cooling system including

a first turn for redirecting a first flow of gas
flowing through a first channel of the blade
into a central plenum of the blade;

a second turn for redirecting a second flow
of gas flowing through a second channel of
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the blade into the central plenum of the
blade;

wherein the first turn is offset from the second
turn to reduce impingement of the first flow of
gas and the second flow of gas in the central
plenum of the blade, the reduced impingement
decreasing pressure loss in the central plenum
of the blade.

14. The turbine bucket according to any preceding
clause, wherein the turbine blade comprises a multi-
wall turbine blade.

15. The turbine bucket according to any preceding
clause, wherein the first turn includes an end wall
and a side wall, wherein the second turn includes an
end wall, and wherein the end wall of the first turn is
positionally offset from the end wall of the second
turn by a distance equal to a length of the side wall
of the first turn.

16. The turbine bucket according to any preceding
clause, wherein the first channel extends along a
suction side of the blade, and wherein the second
channel extends along a pressure side of the blade.

17. A turbine bucket, comprising:

a shank;
a multi-wall blade coupled to the shank; and
a cooling system, the cooling system including:

a first turn for redirecting a first flow of gas
flowing through a first channel into a central
plenum of the blade;

a second turn for redirecting a second flow
of gas flowing through a second channel in-
to the central plenum of the blade, the first
flow of gas and the second flow of gas com-
bining in the central plenum;

wherein the first turn is angularly offset from the
second turn to reduce impingement of the first
flow of gas and the second flow of gas in the
central plenum of the blade, the reduced im-
pingement decreasing pressure loss in the cen-
tral plenum.

18. The turbine bucket according to any preceding
clause, wherein the turbine blade further includes a
rib disposed between the first turn and the second
turn, wherein the rib directs the first flow of gas in a
first direction into the central plenum, and wherein
the rib directs the second flow of gas in a second,
different direction into the central plenum.

19. The turbine bucket according to any preceding
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clause, wherein the first turn includes an end wall
and the second turn including an end wall, and
wherein the end wall of the first turn is substantially
coplanar with the end wall of the second turn.

20. The turbine bucket according to any preceding
clause, wherein the combined flow of gas in the cen-
tral plenum is provided by the cooling system to other
areas of the blade or shank for cooling.

Claims

A turbine blade cooling system, comprising:

a first turn (60, 160) for redirecting a first flow of
gas flowing through a first channel (28) of a tur-
bine blade (6) into a central plenum (44) of the
turbine blade (6); and

a second turn (70, 170) for redirecting a second
flow of gas flowing through a second channel
(38) of the turbine blade (6) into the central ple-
num (44);

wherein the first turn (60, 160) is offset from the sec-
ond turn (70, 170) to reduce impingement of the first
flow of gas and the second flow of gas in the central
plenum (44).

The turbine blade cooling system according to claim
1, wherein the turbine blade (6) comprises a multi-
wall turbine blade (6).

The turbine blade cooling system according to any
preceding claim, wherein the first turn (60) includes
an end wall (62) and the second turn (70) includes
an end wall (72), and wherein there is a positional
offset of the end wall (62) of the first turn (60) from
the end wall (72) of the second turn (70).

The turbine blade cooling system according to claim
3, wherein the first turn (60) further includes a side
wall (64) having a length equal to the positional off-
set.

The turbine blade cooling system according to any
preceding claim, further comprising a rib (80) dis-
posed between the first turn (60) and the second turn
(70).

The turbine blade cooling system according to any
preceding claim, wherein the offset comprises an an-
gular offset.

The turbine blade cooling system according to any
preceding claim, further comprising a rib (180) dis-
posed at an angle between the first turn (160) and
the second turn (170), wherein the rib (180) directs
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the first flow of gas in a first direction into the central
plenum (44), and wherein the rib (180) directs the
second flow of gas in a second, different direction
into the central plenum (44).

8. The turbine blade cooling system according to any
preceding claim, wherein the first turn (160) includes
an end wall (162) and the second turn (170) includes
an end wall (172), and wherein the end wall (162) of
the first turn (160) is substantially coplanar with the 70
end wall (172) of the second turn (170).

9. A turbine bucket (2), comprising:

a shank (4); 15
a blade (6) coupled to the shank (4); and
a cooling system, the cooling system including:

a first turn (60, 160) for redirecting a first
flow of gas flowing through a first channel 20
(28) of the blade (6) into a central plenum
(44) of the blade (6);

asecond turn (70, 170) forredirecting a sec-

ond flow of gas flowing through a second
channel (38) of the blade (6) into the central 25
plenum (44) of the blade (6);

wherein the first turn (60, 160) is offset from the
second turn (70, 170) to reduce impingement of

the first flow of gas and the second flow of gas 30
in the central plenum (44) of the blade (6), the
reduced impingement decreasing pressure loss

in the central plenum (44) of the blade (6).

10. A turbine bucket (2), comprising: 35

a shank (4);

a multi-wall blade (6) coupled to the shank (4);

and

a cooling system, the cooling system including: 40

a first turn (160) for redirecting a first flow

of gas flowing through a first channel into a
central plenum (44) of the blade (6);

asecond turn (170) for redirecting asecond 45
flow of gas flowing through a second chan-

nel into the central plenum (44) of the blade

(6), the first flow of gas and the second flow

of gas combining in the central plenum (44);

50
wherein the first turn (160) is angularly offset
from the second turn (170) to reduce impinge-
ment of the first flow of gas and the second flow
of gas in the central plenum (44) of the blade
(6), the reduced impingement decreasing pres- 55
sure loss in the central plenum (44).
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